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THE RELATIONSHIP BETWEEN G A S  EXCHANGE AND VOLUME 
PER M I N U !  IN THE HEART FOR BATHS 

AT VARIOUS TEKPERATURES 

K1. Gollwitzer-Meier 

The extznt of chemical reactions in the body is a function 
of the outer terq)erature. If sir is available as an outer con- 
ductor, then in hunars there is a minimum of energy exchange in 
a temperafure range which extends between 19O and 280 (Gessler [l], 
Houghton, Teague, Hiller and Yant [2] and Grollnran [3]).  The 
heat psctection of the individual causes the er.ergy exchange to 
vary considerably. The position of  the region of minimum energy 
conversion varies with thz characteristics of the surrounding 
medium. It is higher if the outer conductor is water, because 
water has a better heat condmtivity and heat capacity than air 
(Loewp [SI). Kranier [SI car-zied out investigations at our 

institute and found that the ninfmum of chemical reaction activity 
occurs at 35O f o r  fresh water baths. %e blood requirement of the 
organs changes with the m w i t u d e  of consumption. A large blood 
demand of the organs can be satisfied depending oc the overall 
circclatory system situation by means of increased capillary 
oxygen exyloitation, by deviation of the blood from collateral 
vessel regions or by increased blood circulation. On the other 
hand, it is not correct to say that all circulatory system changes 
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wbich occur  i n  a w a r m  b a t h  o r  in a c o l d  b a t h  are due t o  the  metabo- 
l i s m .  The c i r c u l a t o r y  system s i t u a t i o n  can change i n  a ba th  so 

much w i t h  r e s p e c t  t o  t h e  nominal c o n d i t i o n  t h a t  clear r ead jus tmen t s  
o f  i n d i v i d u a l  c i r c u l a t o r y  sys tem parameters  w i l l  occur .  According 
t o  ex teaded  expe r i ence  o f  p h y s i c i a n s  d e a l l n g  w i t h  b a t h  the rapy ,  
h y d r o s t a t i c  b a t h  i n f l u e n c e s  are very  important  i n  a d d i t i o n  t o  t h e  
effects of  t h e  ba th  on t h e  c i r c u l a t i o n  o f  blood through t h e  s k i n .  
A i o f  o f  data I s  a v a i l a b l e  on t h e  vclume of  blood t r a n s m i t t e d  
through t h e  heart pe r  minute as w e l l  as on t h e  o v e r a l l  gas  exchange. 
iicwever, up tc the  p r e s e n t  no one has  addressed himself  t o  t h e  

a u e s t i o n  of  t h e  importance of  t h e  metabol ic  r ead jus tmen t s  and the  

c i r c u l a t o r y  r ead jus tmen t s  which occur  i n  t h e  ba th ,  and t h e i r  
i n f l u e n c e  on t h e  o v e r a l l  c i r c u l a t i o n  magnitude. Not enough 
in fo rma t ion  is conta ined  i n  p r e s e n t l y  a v a i l a b l e  expe r imen ta l  re- 
s u l t s .  This is  e i the r  because a l l  three heat groups were n o t  in -  
v e s t i g a t e d  u s i n g  t h e  same test person ,  o r  because t h e  volume of  
blood going through t h e  heart per minute,  the  gas exchange and 
t h e  r e s p i r a t i o n  were not  g iven  f o r  t h e  same experiment .  T h i s  is 
why w e  had t o  c a r r y  ou t  new exper iments  o u r s e l v e s .  

Method: The i n v e s t i g a t i o n s  were c a r r i e d  o u t  w i t h  the 
usua l  basic c o n d i t i o n s  ( sobe r  after l y i n g  down f o r  one hour)  u s ing  
h e a l t h y  tes t  persons  (which were used t o  gas exchange i n v e s t i g a -  
t i o n s ) .  I n  o r d e r  t o  avoid  body movements when e n t e r i n g  the bath 

t u k ,  w e  used t h e  t e s t  d e v i c e  developed by Groedel and Wachter. 
The test persons  laid on a s t r e t c h e r  and were in t roduced  i n t o  
t h e  S a t h  w i t h  a set  o f  p u l l e y s .  The s t r e t c h e r  i s  i n  a h o r i -  
e c n t a l  p o s i t i o n  wh i l e  t h e  s u b j e c t  i s  l y i n g  i n  t h e  water. We do 
not  lower t h e  feet  as sugges ted  by Groedel and Wachter when t h e  

t e s t  persons  e n t e r  the  water, because t h i s  must lead t o  hydro- 
s t a t i c  blood r e l o c a t i o n  and p o s s i b l y  t o  a s l i g h t  r e d u c t i o n  i n  t h e  
volume p e r  minute.  The volume p e r  minute i s  determined us ing  
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the acetylene method of Grollman. The oxygen consumption is de- 
termined using the gas exchange recorder of Rein. The respiratory 
volume is d6termined using a gas indicator. The oxygen consumption 
is recorded by photography in an adjacent room. The respiratory 
air is introduced into the room by means of hose connections which 
are as short as possible. The respiration, volume per minute 
of the heart,and gas exchange are first measured before the bath 
and then during the bath, abaut 5-15 minutes after entering the 
bath, and finally 10-15 minutes after the bath. The test person 
is well covered before and after the bath above the water, and 
laid on the same stretcher as in the bath. The duration of the 
bath is 10 mlnutes, a maximum of 20 minutes. The respiratory 
values areaveragedover a time of five minutes. 

A.  Gas exchange and respiration 

The gas exchange in the thex,;,cindifferent fresh waterbath 
(just like in a f r )  has a minimum over quite a broad heat interval. 
This heat zone, which is metabolically indifferent, d?es not 
correspond with the region of thermoreceptor indifference, the 
subjective thermoindifference sensation in the bath (34-35"). 
Instead, it exceeds this range to a large and small degree 
(Figure 1). 
sion in the bath does not correspond to the basic conversion 
before the bath, but instead exceeds it (Kramer). We find that 
the (average) difference is -8%.  Since the minimum oxygen 
consumption and the basic metabolism are identical in a wider 
heat interval when air is the surrounding medium, we believe 
that the reduction of the gas exchange in the bath below the 
basic metabolism value can be brought into correspondence 
with the complete relaxation of the muscles, to a greater extent 
than is possible in the bath, 

The position of the minimum of the energy conver- 
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Figure 1. Percentage varia- 
tion of gas exchange and 
respiratory volume in fresh 
water baths at various 
temperatures. 

Figure 2, Percentage 
var2ations of gas exchange 
and heart volume per minute 
in baths at various tempera- 
tures. All experimental 
points taken with the same 
test person on different 
days. 

Just like the gas exchange, the respiratory volume in the 
thermoindifferent zone can drop below the initial value 
3-10 minutes after introduction into the bath, The small re- 
duction in the respiratory volume, which is not regular, 
apparently only occurs for sufficient depth of the bath, 
must consider the fact that at the time when the subject is 
introduced into the bath and for the first few minutes 
thereafter, the respiratory volume is even larger than shortly 
before this. The subsequent lower value of the respiratory 
volume only becomes constant after a few minutes. An attempt 
will be made to establish a correspondence between the drop in 
the gas exchange and the respiratory volume below the initial 
value. The respiratory intensity probably drops because the 
energy metabolism drops. At the present time we are lnvestiga- 
ting whether any changed sensitivity of the respiratory center 
is possible In baths with sufficient water depth, in which the 

We 
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h y d r o s t a t i c  p r e s s u r e  e f f e c t  i s  s u b s t a n t i a l  and i n  which t h e  a i r  
c o n t e n t  o f  t h e  lungs  d e c r e a s e s  c o n s i d e r a b l y  (Sarre [ 6 ] ) .  It i s  
p o s s i b l e  t h a t  t h e  smaller degree o f  f i l l i n g  of  t h e  lungs  w i t h  

a i r  i n  ';he b a t h  and t h e  r e l a x a t i o n s  o f  t h e  lungs  brought  about  
by t h i s  f a c t o r  w i l l  change t h e  s e n s i t i v i t y  o f  t he  r e s p i r a t o r y  
c e n t e r .  According t o  i n v e s t i g a t i o n s  of  Hess [7], w e  shou ld  
expec t  t h a t  t h e  r e l a x a t i o n  o f  t h e l u n g s  and the  r e d u c t i o n  i n  t he  
r e s p i r a t o r y  c e n t r a l  p o s i t i o n  i n  t h e  ba th  would i n c r e a s e  t h e  

e x c i t a b i l i t y  of t h e  r e s p i r a t o r y  c e n t e r .  

I n  c o l d  b a t h s ,  t h e  m e t a b o l i c  behav io r  v a r i e d  w i d e l y  among 
i n d i v i d u a l s  and a l s o  f l u c t u a t e d  f o r  t h e  same t e s t  p e r s o n s  on 
v a r i o u s  days  t o  a c o n s i d e r a b l e  degree. Our exper iments  neve r  
were c a r r i e d  o u t  a t  t empera tu res  lower t h a n  26O, because  2 6 O  

i s  sensed  t o  be  q u i t e  c o l d  by a body i n  t he  water when the  
body i s  comple te ly  a t  res t .  Even lower t empera tu res  u s u a l l y  
t r i gge r  i r r e g u l a r  muscle spasms and t r u e  muscle . lot ions.  The 
metabolism i n  a c o l d  b a t h  i s  h i g h e r  t h a n  i n  the  i n d i f f e r e n t  zone, 
even above 26'. 
h a v i o r  i n  c o l d  b a t h s  i s  probably  based on t h e  f l u c t u a t i n g  occur rence  
of  muscle spasms and muscle stress. The metabolism i n c r e a s e  which 
occur s  when t h e  su r round ing  t empera tu re  i s  reduced has  been ex- 
p l a i n e d  by Loewy [81, Johannssen  [g], Sj6s t r6m [ l o ] ,  Morgul is  
[I11 by t h e  i n c r e a s e  i n  t h e  muscle a c t i v i t y ,  and the  idea o f  
a chemical  heat r e g u l a t i o n  i n  the  narrower sense  i s  r e j e c t e d .  
A chemical heat r e g u l a t i o n  independent  o f  muscle a c t i v i t y ,  
which occur s  v i a  t h e  e x c i t a t i o n  of  t h e  t empera tu re  n e r v e s  i n  
the  s k i n  and v i a  t h e  i n f l u e n c i n g  o f  t h e  c e n t r a l  a p p a r a t u s ,  
has  been p u t  f o r t h  by L ,  H i l l  [12] and Gessler [13]. Our ex- 
per iments  which show a metabol ism i n c r e a s e  above 2 6 O  even 
when t h e r e a r e n o  s u s c e p t i b l e  muscle spasms seem t o  suppor t  
t he  e x p l a n a t i o n  of  Gessler. 

The l a r g e  d i f f e r e n c e s  i n  t h e  g a s  exchange be- 
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I n  w a r m  b a t h s ,  t h e  gas exchange i n c r e a s e  i s  a sna l le r  
pe rcen tage  o u t  it i s  s u b j e c t e d  t o  r e l a t i v e l y  small f l u c t u a t i o n s  
on t h e  va r ious  tes t  days.  I n  40° b a t h s ,  t h e  gas excharge  
va lues  are 10-209 above t h e  b a s i c  metabolism on t h e  average  
( F i g u r e  2 ) .  W i n t e r n i t z  [14], Eismayer  and Czyrnick E153 have 
r e p o r t e d  h i g h e r  v a l u e s .  Grollman found s m a l l e r  i n c r e a s e s  i n  
the  gas exchange i n  t h e  c a s e  where a i r  was t h e  su r round ing  
medium. T h i s  i s  t h e  same t h i n g  t h a t  w e  found,  even though i n  
a tempera ture  r ange  which was d i s p l a c e d  by a co r re spond ing  
amount. I n  w a r m  baths  t h e  heat o f  t h e  blood i s  e f f e c t i v e  
p e r i p h e r a l l y , a s  independent  o f  c e n t r a l  i n f l u e n c e s ,  i n  a d d i t i o n  
t o  t h e i n c r e a s e d r e s p i r a t o r y  a c t i o n  and hear t  a c t i v i t y  and i n  
a d d i t i o n  t o  t h e  r e f l e c t i n g  i n f l u e n c e s  from t h e  s k i n ,  The con- 
sumptions w i l l  t h e r e f o r e  i n c r e a s e  acco rd ing  t o  t h e  v a n ' t  
Hoff r u l e .  The changes i n  t h e  r e s p i r a t o r y  volume have a com- 
p l e t e l y  similar v a r i a t i o n  as t h e  gas exchange ( F i g u r e  1) 
above and below t h e  t h e r m o i n d i f f e r e n t  zone. 

B. Volume th rough  t h e  heart  p e r  minute  

The ou tpu t  c a p a c i t y  of  t h e  heart  remains about  t h e  same 
i n  t h e r m o i n d i f f e r e n t  f resh wa te r  b a t h s  as b e f o r e  t h e  b a t h .  T h e r e  
i s  a small tendency t o  a n  i n c r e a s e  ( F i g u r e  2). Kroetz  and Wachter 
E161 found an  i n c r e a s e  i n  t h e  heart ou tpu t  volume i n  t h e  in -  
d i f f e r e n t  b a t h  on a r e g u l a r  basis i n  t h e t r  exper iments .  Accord- 
i n g  t o  them, t h e  v a l u e s  are between 13 and 37% above t h e  nominal 
va lue  be fo re  t h e  b a t h .  Our expe r imen ta l  v a l u e s  s c a t t e r  between 
-8% t o  +28%, which i s  e s s e n t i a l l y  t h e  same range ,  I n  our  e x p e r i -  
ments, we found t h a t  t h e  heart o u t p u t  volume p e r  minute in t h e  
b a t h  was la i .ger  t h a n  b e f o r e  i n  most c a s e s ,  

I n  warm b a t h s ,  between 39-40°, we f i n d  an  i n c r e a s e  i n  t h e  

h e a r t  ou tpu t  volume p e r  minute  o f  about  20%. Elsmayer and 
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Czyrnick and Lindhard [l?] ob ta ined  similar r e s u l t s .  The data of 
Borns te in ,  Budelmann and R6nnel [l8] which s t a t e  tha t  there were 
i n c r e a s e s  of 220% i n  b a t h s  a t  38.5O u s i n g  the  n i t r o g e n  suboxide 
method cannot be  explai l ied by u s ,  W i n t e r s t e i n  and Pranksl-Tesman 
[19] found t h a t  t h e  heart output  volume p e r  minute i s  not  in -  
f luenced  i n  a lower heat range,  between 36 and 37'. We would 
l i k e  t o  stress t h e  f a c t  t h a t  i n  a 39-40° w a r m  ba th ,  t h e  i n c r e a s e  
i n  t h e  heart ou tpu t  volume per  minute u s u a l l y  occur s  i n  humans 
w i t h  h e a l t h y  vasomotor f u n c t i o n s .  Only i f  there  a r e  vasomotor 
d i s t u r b a n c e s ,  do w e  sometimes observe  a dec rease  i n  t he  hear t  
ou tput  volume pe r  minute and t h e  occurrence  of  nausea phenomena, 
a l r eady  at  b a t h  tempera tures  of 40". 

I n  co ld  b a t h s ,  t h e  Gutput c a p a c i t y  of  t h e  heart u s u a l l y  
dec reases .  Th i s  dec rease  amounted t o  25% on t h e  average i n  
f i v e  experiments .  E i m a y e r  and Czyrnick observed d e c r e a s e s  
o f  t h e  same o r d e r  of magnitude, A l s o  t h i s  i s  the  c a s e  f o r  
Borns te in ,  Budelmann and Ronnel (-10% a t  23O). On t h e  o t h e r  
hand, i n c r e a s e s  i n  t h e  heart ou tpu t  volume p e r  minute are p o s s i b l e  
i n  co ld  baths, i f  t h e  muscle spasms are very pronounced. Then 
the  volume p e r  minute i n c r e a s e s  just l i k e  i n  any o t h e r  t y p e  of  
body work. For  example, t h i s  i s  the  case  f o r  an experiment 
shown i n  F igu re  2 ,  i n  whlch t h e  volume pe r  minute a t  26.6O in -  
c r e a s e s  by 55%, and t h e  gas  exchange i n c r e a s e s  by 98% a t  t h e  
same time. However, t h e  h e a r t  ou tpu t  volume p e r  minute i n  co ld  
b a t h s  can i n c r e a s e ,  even f o r  smaller gas exchange i n c r e a s e s  (be- 

cause of muscle stresses).  

. R e l a t i o n s h i p s  between gas exchange and c i r c u l a t o r y  
i n t e n s i t y .  

I f  we relate  t h e  changes i n  t h e  gas  exchange and t h e  heart  
output  volume p e r  minute i n  b a t h s  o f  v a r l o u s  t empera tu res ,  t h e n  
we have the  r e l a t i o n s h i p s  shown i n  F igu re  2 f o r  a lmost  a l l  of 
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t h e  tes t  pe r sons .  F i g u r e  2 on ly  shows numer ica l  v a l u e s  ob ta ined  
f o r  one test  pe r son .  A t  t empera tu res  above t h e  thermoreceptor  
i n d i f f e r e n c e  zone, w e  observed a n  i n c r e a s e  i n  heart ou tpu t  and 
gas  exchange. The i n c r e a s e  i n  t h e  gas exchange i s  smaller t h a n  
t h e  volume p e r  minute ,  At.  t empera tu res  which are b?low t h e  
s u b j e c t i v e  t h e r m o i n d i f f e r e n t  zone, the  volume p e r  minute  and t h e  
gas exchar-ge vary  i n  opposing d i r e c t i o n s .  The gas exchange in -  
c r e a s e s  more t h a n  i n  w a r m  b a t h s ,  and t h e  volume p e r  minute  de- 

c r e a s e s ,  excep t  f o r  one experiment  w i t h  pronounced muscle 
s h i v e r s .  The v a r i a t i o n s  i n  t h e  volume p e r  minute  t h e r e f o r e  do 
no t  fo l low t h o s e  o f  t h e  oxygen consumption. The opposing 
v a r i a t i o n  of the  heart  ou tpu t  volume p e r  minute  and of  t h e  gas 
exchange i n  a c o l d  b a t h ,  as wel l  as t h e  compara t ive ly  g r e a t e r  
i n c r e a s e  i n  t h e  heart ou tpu t  volume p e r  minute  i n  a w a r m  b a t h  

( t h e  o p p o s i t e  would be expec ted  i f  t h e  heart ou tpu t  volume p e r  
minute depended on t h e  gas exchange),show tha t  the  c i r c u l a t o r y  
r ead jus tmen t s  i n  w a r m  b a t h s  and c o l d  b a t h s  are n o t  a consequence 
o f  the  r equ i r emen t s  o f  gas exchange. The g a s  exchange changes 

/62 are s o  small tha t  t h e  g r e a t e r  oxygen supply  t o  the  t i s s u e s  could - 
be covered wi thou t  an i n c r e a s e  i n  t h e  h c a r t  ou tpu t  volume p e r  
minute ,  by s imply e x p l o i t i n g  t h e  c a p i l l a r y  oxygen t o  an i n -  
c r eased  degree ,  On the  o t h e r  hand, the  changes i n  t h e  heart  
ou tpu t  volume p e r  minute  can e a s i l y  b e  e x p l a i n e d  from t h e  
behav io r  of t h e  c i r c u l a t o r y  p e r i p h e r y  and t h e  exchanges i n  t h e  

c r o s s  s e c t i o n  o f  t h e  e n t i r e  p e r i p h e r a l  p a t h  under  t h e  i n f l u e n c e  
of v a r i o u s  b a t h  t empera tu res .  The expans ion  of  t h e  s k i n  v e s s e l s ,  
which occur s  i n  warm ba ths ,  is n o t  comple te ly  e q u a l i z e d  by 
c o l l a t e r a l  compensation, and t h e  d i a s t o l i c  p r e s s u r e  drops  o f f  
(Bischoff  and Pae t sch  [20]). The i n c r e a s e d  v e s s e l  c r o s s  
s e c t i o n  means t ha t  a compensating i n c r e a s e  i n  t h e  v e s s e l  
f i l l i n g ,  t h e  c i r c u l a t i n g  amount of b lood ,  i s  necessa ry .  T h i s  
has been demonstrated i n  a warm b a t h  and occur s  by t h e  r i n s i n g  
o f  blood from the  blood s t o r a g e  areas. The i n c r e a s e d  blood f low 
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back t o  t h e  heart  is expressed  by t h e  i n c r e a s e  i n  t h e  heart 
output  volume p e r  minute.  Conversely,  t h e  dec rease  i n  t h e  

volume p e r  minute i n  t h e  co ld  b a t h  can b e  understood because of 
t h e  r e d u c t i o n  i n  s i z e  of  t h e  p e r i p h e r a l  c i r c u l a t o r y  sys tem due 
to t h e  c o n t r a c t i o n  of t h e  s k i n  v e s s e l s .  I n  t h e  decreased  c i r -  
c u l a t o r y  sys tem,  t h e i n c r e a s e d b l o o d  requirement  of t h e  pe r iphe ry  
can b e  m e t  even w i t h  a s m a l l e r  blood ou tpu t  o f  t h e  h e a r t .  How- 
eve r ,  i f  s t r o n g  muscle motions are  t r i g g e r e d  i n  a c o l d  b a t h ,  

the  volume p e r  minute of  t h e  heart  t h e n i n c r e a s e s i f  the  
p e r i p h e r a l  c i r c u l a t o r y  system i s  reduced i n  s i z e  because o f  t h e  
c o n t r a c t i o n  of t h e  blood v e s s e l s ,  j u s t  as i s  t h e  c a s e  f o r  any 
type  of body work. On t h e  o t h e r  hand, t h e  i n c r e a s e  i n  t h e  

volume per  minute i n  t h e  the rmorecep to r - ind i f f e ren t  b a t h  i s  not  
due+., t h e  s k i n  v e s s e l  e f f e c t  o f  t h e  ba th ,  but  due t o  t h e  hydro- 
s t a t i c  e f f e c t  on t h e  f low of blood back t o  t h e  h e a r t .  

SUMMARY 

1. If w e  s imul taneous ly  observe t h e  v a r i a t i o n s  i n  t h e  
c i r c u l a t o r y  system s i z e ,  t o t a l  gas  exchange and r e s p i r a t i o n  i n  
co ld  (26-30°), t h e r m o i n d i f f e r e n t  (34-35') and i n  w a r m  (39-40") 
b a t h s  w i t h  t h e  same t e s t  person ,  one observes  t h e  same d i r e c t i o n  
and magnitude of  these v a r i a t i o n s .  

2. The heart output  volume p e r  minute i n c r e a s e s  from co ld  
bat5s t o  the rmorecep to r - ind i f f e ren t  and t o  warm b a t h s .  The gas 
exchange which has inc reased  i n  t h e  c o l d  b a t h  dec reases  t o  
a minimum over  a wide "metabol ic  i n d i f f e r e n t "  heat zone (between 
32-38O, i n s t e a d  o f  34-35O i n  the  thermoreceptor  i n d i f f e r e n t  zone ) ,  
T h i s  minimum i s  8% below the  nominal gas  exchange ( b a s i c  metabo- 
l i s m )  i n  a i r  sur roundings ,  on t h e  average ,  It then  a g a i n  in-  
c r e a s e s  I n  warm ba ths  (39-40O). The r e s p i r a t o r y  i n t e n s i t y  i s  
s u b j e c t e d  t o  about  the same changes as t h e  t o t a l  gas  exchange 
f o r  the three types of baths. 
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TABLE 1 

Before bath 
During bath 
After bath 
Before bath 
During bath 
After bath 
Ref ore bath 
During bath 
After bath 
Before bath 
During bath 
After bath 
Before bath 

FRESH WATER BATHS 

I I I Remarks 
T e s t  person a b . .  5, 35 years 

Bet ore  bath 
During bath 
After bath 
Before bath 
During bath 
After bath 
Bef ore  bath 
During bath 
After bath 
Before bath 
During bath 
After bath 
Before bath 
During bath 
After bath 

.-̂ - 
6 Translator's note! Comma8 

3.i.n 

36.0 

30.7 

37.0 

37,s 

37,D 

39 

ao 

10 

Before bath 
During bath 
After bath 
Before bath 
During bath 
After bath 
Before bath 
During bath 
After bath 

Before bath 
During bath 
After bath 
Before bath 
During bath 
After bath 
Before bath 
During bath 
After bath 
Before bath 
During bath 

Before bath 
During bath 
kfter bath 
Before bath 
During bath 
lifter bath 

represent decimal points ,  

10 



TABLE 1 (CONTINUED) * 

Remarks  

T e s t  person We., -3 28 years 

'I,% 
3.15 

::.:I; 
a.a.2 
332 

8.35 
3,lio 
+.19 

3 . e  
4.TA 
3.n I 

Before bath 
DurinR bath 
After bath 
Before bath 
During bath 
After bath 
Before bath 
Dur ing bath 
After bath 
Before bath 
During bath 
After bath 
Before bath 
During bath 
After bath 

I I I I Remarks 

Test person Kr., 8 30 years 

2i.3 

.13 

34 

41.5 

4J.J 

Bef-re bath 
During hat h 
After bath 
Before bath 
During bath 
After b- 
Bef or. . 

Durk.1 aath 
After bath 

Before bath 
During bath 
After bath 
Before bath 
During bath 

* Translatorfs note3 Commas represent decimal points, 

11 



3. The cixulatory system magnitude in cold (26-30") and 
warm (39-40O) baths is not a function of the metabolism magni- 
tude, but is a function of the overall circulatory conditions, The 
peculiar influences which occur in the bath on the skin vessel 
system and its vasomotor functions, as well as the hypostatic 
influences on the flow of blood tack to the heart,play a signifi- 
cant role, just like in the thermo-indifferent bath. 
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Ihe following were  lcasured in cold rrd w a r m  brtb experimmts 
with male md f e d e  subjects: 

respiration, 001- througbout of kart per mit  of tir, cimrlatiar, 
metabolism. 

gas excharge (Ot camsvtiat), 

Ibe findings were interpreted d c o q m d  w i t h  earlier work. 


